Introduction: Scoliosis is characterized as a three-dimensional deformity. In this scenario, the use of shims can promote correction of postural imbalances. Objective: To verify the static changes associated with unilateral manipulation of shims in idiopathic scoliosis. Methods: Two experimental groups composed of participants with scoliosis with double and single curves, and a control group of participants without scoliosis. 10 reflective markers were used, filmed for 15 seconds in the static position in three conditions (no shim; low shim of 1 cm, and high shim of 3 cm) on the right and left foot. The following postural angles were calculated: alpha 1, alpha 2, alpha 3, and alpha 4. Results: There were differences in the shim condition between the control group (CG) and experimental scoliosis with "S" (GES) for alpha 2 and 4 and Scoliosis "C" (GEC) for alpha 2. For shims under the right foot, there were differences between the control group and GES for alpha 4 and the GEC for alpha 1, 2 and 4, and between shims for the GES for alpha 3 and 4. Shims under the left foot were responsible for significant differences between the control group and the GES and GEC groups. Conclusion: These static postural changes indicate that scoliosis curves show adaptability and postural
Introduction
Scoliosis is a complex deformity that affects the three anatomical planes (1 -3) . This three-dimensional deformity becomes fixed due to mechanical imbalance, regardless of reason, resulting in a discharge of asymmetric weight, tending to aggravation over time (3 -5) .
It is known that the Adolescent Idiopathic Scoliosis (AIS) is the most common type of scoliosis and manifests itself in the period of puberty, affecting approximately 2% of adolescents (2, 6). AIS can also be influenced by external factors such as the support base, whose disturbance may have an influence on posture and the balance of the spine (7, 8) .
In this scenario, care and analysis of the feet are relevant, since they have a fundamental role in static and dynamic balance. The plantar region has a variety of neuro-sensors that are sensitive to variations in deformation. The information resulting from these neuro-sensors is quickly transmitted to the central nervous system. In response to these stimuli, the central nervous system regulates the tension of the postural muscles and regulates body oscillations through the extrinsic and intrinsic foot muscles (9, 10) . To produce stimuli in the plantar region, support bases (8) , insoles (11 -13) , heel elevations (7) , and shims (14, 15) , trigger corrections of some postural variables and seek to correct asymmetries.
Evaluation of scoliosis is through postural assessment or kinesiological examination and can be complemented with the Adams test to verify the presence of gibbosity (16) . In many studies, clinical measurement of gibbosity is performed by means of an adapted wooden device (17, 18) , manufactured based on the description of Surós (19) . In addition, radiological examination is used to confirm the clinical findings (20) , using for this purpose the Cobb angle measure (21, 22) .
Due to the importance of these types of interventions in the treatment of idiopathic scoliosis, various methods have been developed, such as the use of support bases (shims and insoles). The use of shims promotes an upward correction of asymmetries, UNESP, Presidente Prudente Campus -CEP 124/2009. Volunteers and their parents or guardians, signed an Informed Consent, agreeing to participate in the study. The exclusion criteria were: using prosthetics and/or orthotics, having undergone surgery in the spine, being in a gestational stage, presenting a difference greater than 1.50 cm in the length of the lower limbs, and being a carrier of scoliosis with known etiology.
Study Design
The individuals underwent a clinical evaluation to measure gibbosity. This measure was taken by means an instrument consisting of an adapted water level and wooden ruler 19 intended to measure, in millimeters, trunk asymmetries observed during the Adams test (17, 18, 20, 27) . When the values were greater than 5 mm, the participants were instructed to undergo a radiological examination to confirm the diagnosis of structural scoliosis and, if so, they became part of one of the groups according to the type of scoliosis.
After the initial evaluation, participants attended the Applied Physical Therapy Laboratory of Human Movement, Faculty of Science and Technology/ UNESP -Presidente Prudente, to carry out the experimental procedures. With participants in swimming clothing, 10 reflective markers, 13 mm in diameter were fixed at the following anatomical points of the spine: spinous process of the seventh cervical vertebra (C7); the second (T2), fourth (T4), sixth (T6), eighth (T8), tenth (T10), and twelfth (T12) thoracic vertebrae; spinous process of the second (L2), and fourth (L4) lumbar vertebrae, and the medial sacral crest (S1) (28 -30) . After placement of the markers, the participants assumed the "nominal feet position" (31) positioning themselves on a drawing of the plantar impression in EVA to ensure that the same position was maintained in all attempts.
Participants were filmed by three cameras arranged within the collection area and the direction of the coordinate system of volume calibration (x, y, and z axes) was used to perform the calibration and filming. The frequency of acquisition of the images collected by the cameras was 60 Hz. Three spotlights were fixed behind each camera to allow reflection of the markers fixed to the participants.
The order of conditions was previously selected from the following: without shim; 1 cm low shim which, in addition to preventing the development and compensation of postural deviations, avoids aggravation of degenerative injuries and pain in the body segments (9, 23) . Faced with the above, the present study was constructed to answer questions on the topic described, as well as fill gaps in the literature on the influence of shim use in the correction of asymmetries in patients with idiopathic scoliosis.
Methods

Characterization of the sample
This is a cross-sectional study. In total, 42 subjects were evaluated, divided into three groups: control group (GC), composed of 10 participants without scoliosis [age 20. ), 7 female and 3 male; both experimental groups presented idiopathic scoliosis with angles greater than 10 degrees, confirmed through measurement of the Cobb angle in the radiological examination, characterizing structural curves (24, 25, 26) . Participants were allocated for convenience and recruited from a group for strengthening exercises in carriers of idiopathic scoliosis directed by the same laboratory. In addition, the type of curve (thoracic, lumbar, or thoracolumbar) and side of the curve (right or left) were evaluated, totaling in the GES (17.8 ± 27.8 degrees) 18 individuals with thoracic type scoliosis to the right and lumbar to the left, and only 4 individuals with thoracic scoliosis to the left and lumbar to the right. In the GEC (12.3 ± 1.94 degrees) totaling 3 individuals with thoracic scoliosis to the right, 1 with lumbar scoliosis the left, 1 with thoracolumbar scoliosis to the right, and 5 with thoracolumbar scoliosis to the left.
The study was approved by the Research Ethics Committee of the Faculty of Science and Technology,
Treatment and analysis of data
The data obtained in the condition static posture maintenance without shim, were used to identify the configuration of postural angles in the orthostatic position and the absolute values of these were determined. Thus, the intermediate 5 sec of the 15 sec of images collected were digitized via the APAS and the mean and standard deviation of these angles were also calculated.
Statistical analysis
Analyses of variance (ANOVAs) were performed to compare the static condition, the control and experimental "S" group, and the control and experimental "C" group, in the conditions without shim, with a 1 cm low shim, and 3 cm high shim, under the right or left foot, which were treated as repeated measures. To compare the postural angles of the control and experimental groups, multivariate analyses were used (MANOVAs).
In the condition without shim, two One-way MANOVAs were used (group 2), with postural angles (mean of each of the angles α1, α2, α3 and α4) as dependent variables.
under the right foot; 1 cm low shim under the left foot; 3 cm high shim under the right foot; 3 cm high shim under the left foot. In total, 15 seconds was filmed for each condition. Between the conditions, and when necessary, there was a short break for the participants to rest in order to prevent or minimize any muscle fatigue effect.
Preceding the collection of images, a 15 second film of the calibration system was carried out, consisting of a three-dimensional reference system with 12 control points and volume of 1.07 x 1.66 x 1.23 m (length, height, and depth respectively), to obtain the reference points necessary to process the camera images in the metric system.
For synchronization of the three cameras, a device with an LED powered by a trigger was used. The activation occurred at the beginning of each attempt, and the LED lighting was visible by the three cameras, allowing the synchronized analysis of the images from each trial.
Data processing
The images were processed by the software Ariel Performance Analysis System (APAS, version 1.4), using the modes CapDV, Trimmer, Digitize, Transform, Filter and Display. This treatment allows identification of the position of the markers on the axes of the x, y and z coordinates, and thus the angular values on the frontal plane.
Postural angles Figure 1 shows the convention used to calculate the angles based on studies by Engsberg et al. (28) and Feipel et al. (29) , adapted to measure the postural angles in the present study. Four postural angles of the spine were evaluated in the frontal plane: α1, α2, α3 and α4, formed by the markers T2T4-T4T6, T6T8-T8T10, T10T12-T12L2 and L2L4-L4S1, respectively. For standardization, these angles were always measured on the right side of the spine. The measurements of these angles have the function of evaluating the postural modifications in the spine, starting from the measurement of a basal reference angle of 180°, and the variations in these angles demonstrate the influence that the static position and change in shims produce in the spine of individuals with idiopathic scoliosis and GC individuals. analyzes indicated a marginal difference for the alpha 2 angle, F (1,30) = 3.729, p = 0.063, and a difference for the alpha 4 angle, F (1,30) = 7.176 p = 0.012, where both angles observed for participants in the GES were higher than those observed for participants in the GC. The MANOVA also indicated a difference for the shim factor, Wilks' Lambda = 0.359, F (4,27) = 12.038, p <0.001. The univariate analyzes indicated differences in the alpha 3, F (1,30) = 9.573, p = 0.004, and alpha 4 angles, F (1,30) = 7.082, p = 0.012, and for both angles the values observed for the low shim condition were lower than those observed for the high shim condition. Table 3 also presents the mean values of alpha angles (α1, α2, α3 and α4) for the GC and GEC groups, in the conditions with the right low shim and right high shim. The MANOVA indicated a difference only for the group factor, Wilks' Lambda=0.441, F(4,15)=4.753, p=0.011. The univariate analyzes indicated differences in the alpha 1, F (1,18) = 4.580, p = 0.046, alpha 2, F (1,18) = 5.711, p = 0.028, and alpha 4 angles, F (1.18) = 8.034, p = 0.011, and for all these angles, the values observed for participants of the GEC were higher than those observed for participants of the GC. Table 4 presents the mean values of alpha angles (α1, α2, α3 and α4) for the GC and GES groups in the conditions with low left shim and high left shim. The MANOVA, involving alpha angles, indicated a difference only for the group factor, Wilks' Lambda = 0.704, F (4,27) = 2.833, p = 0.044. Although the MANOVA indicated a difference, the univariate analysis did not identify any differences in the alpha angles individually. Table 5 also presents the mean values of alpha angles (α1, α2, α3 and α4) for the GC and GEC groups in the conditions with low left shim and high left shim. The MANOVA indicated a difference for the group factor, Wilks' Lambda = 0.452, F (4,15) = 4.541, p = 0.013. Although the MANOVA indicated a difference, the univariate analysis did not identify any differences for the alpha angles individually. The MANOVA also indicated a difference for the shim factor, Wilks' Lambda = 0.430, F (4,15) = 4.972, p = 0.009. The univariate analyzes indicated differences only for the alpha 4 angle, F (1,18) = 6.772, p = 0.018, and for this angle, the values observed for the low shim condition were lower than those observed for the high shim condition.
Condition with left shim
In the condition low right shim (1 cm) and high right shim (3 cm) two MANOVAs (2 groups x 2 shims) were used, with postural angles (mean of each of the angles α1, α2, α3 and α4) as dependent variables.
In the condition low left shim (1 cm) and high left shim (3 cm) two MANOVAs (2 groups x 2 shims) were used, with postural angles (mean of each of the angles α1, α2, α3 and α4) as dependent variables.
All analyzes were performed using SPSS statistical software (version 17.0) and the level of significance adopted was 0.05.
Results
The results obtained are presented in order to compare the GC with GES; and GC with GEC. Table 1 presents the mean values of alpha angles (1, α2, α3 e α4) for the GC and GES in the without shim condition. MANOVA, involving the alpha angles, indicated differences for the group factor, Wilks' Lambda = 0.597, F (4,27) = 4.560, p = 0.006. The univariate analyses demonstrated differences in the alpha 2, F (1,30) = 4.251, p = 0.048, and alpha 4 angles, F (1,30) = 7.354 p = 0.011, and also a marginal difference for the alpha 3 angle, F (1,30) = 4.096, p = 0.052, however, in all cases the angles observed for the GES participants were higher than those observed for the participants in the GC. Table 1 also shows the other MANOVA, involving the same alpha angles, however referring to the GC and GEC, which also indicated a difference for the group factor, Wilks' Lambda = 0.468, F (4,15) = 4.269, p = 0.017. The univariate analyses indicated differences only for the alpha 2 angle, F (1,18) = 5.487, p = 0.031, and the angle observed for the GEC participants was greater than that observed for the control group participants. Table 2 presents the mean values of the alpha angles (α1, α2, α3 and α4) for the GC and GES, in the condition with the right low shim and right high shim. The MANOVA, involving alpha angles, indicated a difference for the group factor, Wilks' Lambda = 0.653, F (4,27) = 3.591, p = 0.018. The univariate postural angles below 5° may also represent important asymmetry of the spine. The largest standard deviation values (Table 1 ) are related to the oscillation of the participants and the variation in the different degrees of deformity; the largest deviations were observed in patients with idiopathic scoliosis. Several authors have also observed this ratio of the largest fluctuations in the static position in the scoliotic subjects (8, (37) (38) (39) , and the increase in oscillation indicates a deficit in static equilibrium (40) . For simple curves a hierarchical difference has been established (40) , wherein the curves in the lumbar and thoracolumbar segments are more unstable compared to those located in the upper and middle thoracic segments.
Condition without shim
Condition with right shim
In the present study, the lower curves in the GES presented the lowest degree of Cobb angle, in addition to a higher oscillation value, represented by the mean values of standard deviation. This indicates an
Discussion
Scoliosis with Cobb angle above 10° degrees characterizes structural curves (24, 25, 26) . Nevertheless, some studies (24, 32, 33) consider differences greater than 7° as being important to point out significant asymmetries in the spine, and still others (34, 35) consider values above 5°. Although this form of measuring scoliosis is different from that used in the present study to measure the postural angles, both can be related as they use the same unit of measurement in degrees to identify asymmetries of the spine (23) .
The results presented (Table 1 ) demonstrated that in the GES the mean of the alpha 3 and 4 angles, presented values higher than 5°, therefore considered as scoliosis. However, the alpha 2 value presented a significant result, although lower than 5° for the GES and GEC, with values similar to other studies (22, 36) . Therefore, it is suggested from these results that Note: Mean±Standard deviation. GC control group; GES: experimental group (scoliosis "S"). exercise") proposed by Maruyama et al. (7), where the use of the shim on the lower limb on the same side as the convexity of the lumbar and thoracolumbar curves favors its correction through contraction of the muscles for the homolateral vertebral. The study by Zabjek et al. (13) indicated that the implementation of insoles, regardless of the type and amplitude of the curve, if placed under the member on the lower side of the pelvic tilt, significantly reduces the Cobb angle. In general, when the shim is placed under one foot, we can see that the greatest influence occurs in lower postural alpha angles, in the double and simple curves, and the alpha 4 angle is more influenced. The differences were mainly in relation to the groups, showing that these angles were always higher in the experimental groups. This result confirms that the shim has an effect in the lower regions of the spine and also in those least affected by deformity at the apex of the scoliosis curves, in this case being more likely to be influenced by the corrective effect of the shims, even in structural scoliosis. However, it is suggested that in double and single scoliosis any alteration in the support base that modifies the symmetry of the trunk, could cause reorganization of structures and a new arrangement of balance or compensatory adjustments in other segments of the trunk.
Conclusion
The fundamental base of rehabilitation programs is flexibility and postural readjustments, aimed at aligning the spine and whole body. These corrective manipulations should also be included in treatment of idiopathic scoliosis during adolescence or even after bone maturity. Clearly the results indicate that even in cases with scoliosis there is flexibility and adaptation, and therefore postural reorganization is susceptible to these manipulations. adaptation of the smaller and lower curves to stabilize the largest and highest curves, compensating them through their higher residual flexibility (41) .
Furthermore, it can be seen that the apexes of the bends are the most asymmetric points with respect to the axis of the spine in the frontal plane. Therefore, the type of curve, thoracic and lumbar for the GES and thoracolumbar for the GEC, determined the significant differences in the alpha 2 and 4 angles, as the apexes were located in these regions.
According to Hawes & O'Brien (41) the secondary or compensatory curves are more flexible and could present major alterations when subjected to manipulation by shims. Other studies (23, 41, 42) point out that the vertebral segment located in the transition of the thoracic and lumbar curves presents vertebrae that accompany them, indicating that this region could be more flexible, being less affected by the deformity of the vertebrae at the apex of the main curve, promoting asymmetries in adjacent regions.
The results demonstrated that the lowest angles suffered the greatest influence from manipulation with the shims, with the highest mean values for the single and double curves. Therefore, it can be seen that there is an ascending alteration in the scoliotic curves, with the lumbar region being most affected (9, 15, 23) .
In the conditions low and high shims placed under the right foot (Table 2 ) of the participants of the GES, the largest curves were the thoracic curves, and consequently, these were more likely to be the principal curves. Therefore, the greatest effects of the shims were expected in the secondary curves (41) , which are the lowest (15) , as seen in the alpha 4 angle. In addition, the greater the shim height, the greater the asymmetry caused, observed primarily in alpha 3 and 4.
For the GEC (Table 3) , it can be seen that the alpha 1, 2 and 4 angles presented an increase in the mean values, becoming more asymmetric, while the alpha 3 angle showed a rectification verified by the reduction in mean value. Taking into consideration the predominance of left curves, the use of the right shim caused an accentuation of the curves, being that the ends of the spine, the high thoracic and lumbar regions, became more inclined.
The greater quantity of curves in the lumbar scoliosis in S and thoracolumbar scoliosis in C with convexity to the left, could have determined the behavior of the postural angles in the experimental groups similar to those of the control group (Tables 4 and 5 ). This effect is similar to the hitch exercise program ("shim simulation
